1. Introduction
===============

Nephrotic syndrome (NS) is a clinical term stating glomerular diseases characterized by intense protein-uria and consequent hypoproteinemia, edema and dyslipoproteinemia. It has been demonstrated that proteinuria is caused by glomerulosclerosis and loss of glomerular podocytes due to cell death/apoptosis \[[@b1-2093-6966-v22-n03-035]\]. Results from previous studies have demonstrated that oxidative stress, inflammation, and apoptosis are involved in the development of NS pathological features \[[@b2-2093-6966-v22-n03-035]\]. In the patients without effective treatment, NS leads to end-stage renal disease (ESRD) and require renal transplantation \[[@b1-2093-6966-v22-n03-035]\]. Despite the advances in NS studies in recent decades, the pathophysiology of this disease remains unknown and more studies are needed to clarify its exact pathophysiological mechanisms. Adriamycin (ADR) is a common anticancer drug that has been used for the treatment of a wide range of human solid tumors since 1969 \[[@b2-2093-6966-v22-n03-035]\]. However, despite having high antitumor efficacy, its effectiveness has been limited, because of renal, myocardia, testicular, and hematological toxicities \[[@b3-2093-6966-v22-n03-035]\]. However, in the animal studies ADR is used for induction of renal damage \[[@b4-2093-6966-v22-n03-035], [@b5-2093-6966-v22-n03-035]\] as well as hepatotoxicity \[[@b6-2093-6966-v22-n03-035]\] and cardiotoxicity. The cytotoxic effect of ADR is mediated via binding to DNA-associated enzymes (topoisomerase II) and inhibition of that, which could cause breakages of double strand in a DNA double helix and DNA intercalation, and initiation of intrinsic pathway of apoptosis. It has been suggested that the nephrotoxic effect of ADR is may be due to the formation of a large amount of toxic reactive oxygen species (ROS), which induces membrane lipid peroxidation and tissue injury \[[@b7-2093-6966-v22-n03-035], [@b8-2093-6966-v22-n03-035]\]. The overproduction of ROS and imbalance between free oxygen radicals and antioxidants could trigger the immune response and mediate inflammation. Inflammatory mediators and cytokines play an important role in ADR-induced renal injury including increase glomerular capillary permeability as well as tubular atrophy and apoptosis \[[@b2-2093-6966-v22-n03-035], [@b9-2093-6966-v22-n03-035]\]. The use of antioxidant compounds can be beneficial for nephrotoxicity caused by ADR. *Plantago major (P. major)* is a member of the Plantaginaceae family; this plant is one of the great medicinal and commercial importance \[[@b10-2093-6966-v22-n03-035]\]. *P. major* has been used as an astringent, anti-inflammatory, antiviral, anaesthetic, antitumor, analeptic and anti-ulcer factor in traditional medicine \[[@b11-2093-6966-v22-n03-035]\]. This herbaceous plant contains caffeic mucilage, salicylic acid, pectin, saponin, terpenoids and flavonoids. In many studies, immunomodulatory, antimicrobial, antiulcer, anticancer, analgesic and antioxidant properties of *P. major* have been demonstrated \[[@b12-2093-6966-v22-n03-035]--[@b14-2093-6966-v22-n03-035]\].

The aim of this study was to investigate the possible protective effects of *P. major* on ADR- induced nephrotoxicity in rats.

2. Materials and Methods
========================

2.1. Extract Preparation
------------------------

*P. major* whole plant was collected from the nature around Mashhad and was identified by a botanist from the Herbarium of Ferdowsi University of Mashhad (Mashhad, Iran). For the preparation of the hydroalcoholic extract, *P. major* whole plant was separated, washed, shade- dried at room temperature, and then powdered. The powder was extracted in a Soxhlet extractor with ethanol (70% v/v). After the extraction, the solution was purified using a rotary vacuum evaporator and kept at 4°C until use.

2.2. Chemicals
--------------

ADR was purchased from the Ebewe Pharma Company (Austria). TUNEL kit was obtained from Roche Company (In Situ Cell Death Detection Kit, Fluorescein, Roche Diagnostics, Mannheim, Germany). *P. major* whole plant was obtained from Medicinal Plants Division of Imam Reza Pharmacy.

2.3. Animals
------------

Fifty male Wistar albino rats weighing 250 ± 20 g were obtained from Central Animal House of Faculty of Medicine, Mashhad University of Medical Sciences. The animals were maintained under standard condition (12-h light/dark cycles at the temperature of 20--24°C) with free access to food and water. All the experiments were approved by Ethical Committee of Mashhad University of Medical Sciences.

2.4. Experimental Protocol
--------------------------

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  In the present study, the animals were randomly divided into 5 groups (n=10) as follows: **Group A, control:** received vehicle (tap water) for 5 consecutive weeks and saline was injected intravenously (i.v.) on the 7^th^ day of the experiment.**Group B, ADR:** received vehicle (tap water) for 5 consecutive weeks and ADR was injected (5 mg/kg, i.v) \[[@b15-2093-6966-v22-n03-035]\] on the 7^th^ day of the experiment.**Group C**, *P. major* **600 + ADR:** received *P. major* extract (600 mg/kg, in drinking water) \[[@b5-2093-6966-v22-n03-035]\] for 5 consecutive weeks and i.v. injection of ADR on the 7^th^ day of the experiment.**Group D**, *P. major* **1200+ADR:** received *P. major* extract (1200 mg/kg, in drinking water) \[[@b5-2093-6966-v22-n03-035]\] for 5 consecutive weeks and i.v. injection of ADR on the 7^th^ day of the experiment.**Group E**, *P. major* **1200:** received *P. major* extract (1200 mg/kg, in drinking water) and i.v. injection of saline on the 7^th^ day of the experiment.
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Urine samples using individual metabolic cages and blood samples from the orbital sinus were collected at the begging of experiment (day 0) and days 14, 21, 28 and 35. (One, two, three and four weeks after ADR injection, respectively). Serum was separated by centrifugation at 3000 × g for 15 min and was stored at −20°C until analysis. At the end of the experiment, all the animals were anaesthetized and the left kidneys were immediately removed and fixed in 10% formalin for apoptosis assessment. Then, all the animals were humanly killed.

Serum was analyzed for albumin and total cholesterol concentration by a Convergys® 100 Biochemistry Analyser using commercial kits (Pars Azmoon Company, Tehran, Iran). Urinary protein concentration was determined using Trichloroacetic acid precipitation assay \[[@b16-2093-6966-v22-n03-035]\].

2.5. Detection of apoptotic nuclei in situ by TUNEL assay
---------------------------------------------------------

Left kidneys were fixed in 10% formalin, dehydrated in graded alcohols and embedded in paraffin, and then 5 μm sections were prepared. The tissues were deparaffinized and rehydrated, followed by the incubation of the sections with proteinase K and immersion in methanol containing 3% H~2~O~2~ for the inactivation of endogenous peroxidase. DNA fragmentation was detected using a commercial kit according to the manufacturer's instruction. A semi-quantitative analysis was performed by counting TUNEL-positive cells per unit area (mm^2^) in the kidney at ×400 magnification per field \[[@b17-2093-6966-v22-n03-035]\].

2.6. Statistical analysis
-------------------------

Data were analyzed by SPSS 16. All the data were expressed as mean ± SEM. Data related to the serum cholesterol, serum albumin, and urine protein excretion were analyzed by two-way mixed design ANOVA with time as repeated measure. Data on apoptosis were analyzed by one- way ANOVA. For further analyses, Tukey's *post-hoc* test was used when appropriate. P \< 0.05 was considered as significant difference.

3. Results
==========

3.1. Serum cholesterol
----------------------

[Fig. 1](#f1-2093-6966-v22-n03-035){ref-type="fig"} shows change in serum cholesterol levels during the experiment. A two-way mixed design ANOVA analyses revealed the significant main effect of time (*P* \< 0.001) and treatment (*P* \< 0.001) on the serum cholesterol levels. Also, there was a significant treatment × time interaction (*P* \< 0.001). Tukey's *post-hoc* test revealed that serum cholesterol levels significantly increased in the ADR group compared to the control group on days 14 to 35 (*P* \< 0.001 for all the time points). Serum cholesterol levels significantly reduced in the Ext-600-ADR and Ext- 1200-ADR as compared to the ADR group observed on days 21 to 35 (*P*\< 0.001 for all the time points); however, cholesterol level cannot reach the control level. Also the reduction of serum cholesterol level was significantly higher than the Ext-1200-ADR group in days 28 and 35 of experiment (*P* \< 0.001).

3.2. Serum albumin
------------------

As shown in [Fig. 2](#f2-2093-6966-v22-n03-035){ref-type="fig"}, serum albumin concentration decreased over time in the ADR group. Two-way mixed ANOVA analyses revealed a significant time (*P* \< 0.001), treatment (*P* \< 0.001), and time × treatment interaction (*P*\< 0.001). Subsequent analyses revealed that ADR caused a gradual decrease in the serum albumin concentration (days 14 and 21 (*P* \< 0.01) and days 28 and 35 (*P* \< 0.001). Treatment of ADR rats with both 600 and 1200 mg/kg *P. magor* extract prevented, in a significant manner, from serum albumin decrease during the experiment.

3.3. Urine protein excretion
----------------------------

[Fig. 3](#f3-2093-6966-v22-n03-035){ref-type="fig"} shows the urine protein excretion rate in the rats measured on days 0, 14, 21, 28 and 35 after ADR injection. Analyses of urine protein excretion by two-way mixed designed ANOVA showed interactions between treatment and time (*P* \< 0.001) and main effects of treatment (*P* \< 0.001) and time (*P* \< 0.001). Additional analyses revealed that ADR significantly increased protein excretion on days 14 (*P* \< 0.05), 21 (*P* \< 0.001), 28 (*P* \< 0.001) and 35 (*P*\< 0.001) after ADR injection as compared to the control group. One-way ANOVA analyses at specific time points with Tukey's *post-hoc* test revealed that treatment with the extract of *P. magor* at the doses of 600 and 1200 mg/kg decreased urine protein excretion. As compared to the ADR group, Ext-600-ADR group had less urine protein excretion on days 21 (*P* \< 0.05), 28 (*P* \< 0.001), and 35 (*P* \< 0.001). Also, urine protein excretion rate in the Ext-1200- ADR group on days 28 (*P* \< 0.05) and 35 (*P* \< 0.001) was significantly lower than the one in the ADR group.

3.4. Glomerular filtration rate
-------------------------------

Glomerular filtration rate (GFR) results are presented in [Fig. 4](#f4-2093-6966-v22-n03-035){ref-type="fig"}. Analyses of GFR by two-way mixed designed ANOVA showed significant main effects of time (*P* \< 0.05) but not treatment (*P* \> 0.05) and time × treatment interactions (*P* \> 0.05). Repeated measure ANOVA analysis also revealed that GFR in the ADR group significantly reduced in 28 and 35 days of experiment as compared to the day 0 (*P* \< 0.01 and *P* \< 0.05 respectively).

3.5. Number of renal apoptotic cells
------------------------------------

In ADR group, the number of TUNEL-positive cells was significantly higher than that of control group (*P* \< 0.01). However, the number of renal apoptotic cells in ADR + *P. major* (600 and 1200 mg/kg) groups was significantly decreased compared to ADR group (*P* \< 0.001) ([Fig. 5](#f5-2093-6966-v22-n03-035){ref-type="fig"}).

4. Discussion
=============

In the present study a single dose injection of ADR significantly induced massive proteinuria significant elevation in serum cholesterol level and a significant reduction in serum albumin concentration when compared to the control animals. In our study, in a time-dependent manner, the oral administration of *P. major* extract significantly improved proteinuria and serum alterations in albumin and cholesterol levels, as well as the number of renal apoptotic cells in ADR treated rats. Although *P. major* extract in the both doses had beneficial effects on preventing of renal damage, however, the effects were varied in different parameters. For example, 1200 mg/kg dose prevent apoptosis better than 600 mg/kg dose, while 600 mg/kg dose was more effective in reducing of serum cholesterol levels. ADR-induced massive proteinuria compared to untreated animals, confirmed the accuracy of the present study in the induction of proteinuria. ADR administration was also associated with a significant elevation in serum cholesterol level and a significant reduction in serum albumin concentration when compared to the control animals. These functional abnormalities were accompanied by a marked increase in renal apoptotic cells. ADR-induced nephropathy is considered as a good experimental model for human minimal change disease characterized by albuminuria, proteinuria, hypoalbuminaemia, hyperlipidaemia, and edema \[[@b18-2093-6966-v22-n03-035]\]. It has been reported that ADR downregulates the expression of specific proteoglycans and some enzymes involved in glycosaminoglycans production. The glomerular charge selectivity was consequently eliminated, which caused flattening of podocyte foot processes and proteinuria. Based on our results, treatment of ADR-injected rats with *P. major* extract significantly improved the urinary excretion of protein, consistent with hypoalbuminemia. It seems that *P. major* extract could counteract the abnormal filtration of high molecular weight proteins from the glomerular filtration barrier. Furthermore, possibly due to its antioxidant and anti-inflammatory effects, *P. major* extract could suppress the destruction of glomerular basement membrane mediated by free radicals \[[@b5-2093-6966-v22-n03-035]\]. The average daily water intake was approximately 23 to 28 ml in this study per rat. Drinking water at a concentration of 25 and 50 mg/ml *P. major* extract, produce a dose of 600 and 1200 mg/kg. In this concentration, *P. major* extract successfully dissolved in drinking water without any sedimentation or interference in water intake. In the same doses parhizgar et al. observed beneficial effects of *P. major* in Cisplatin induced nephrotoxicity, however, cisplatin causes acute renal failure (tubular damage) while in the present study ADR caused proteinuria (glomerular damage) \[[@b14-2093-6966-v22-n03-035]\]. In the same context, previous studies have reported the beneficial action of natural antioxidants against abnormal urinary protein excretion in ADR proteinuric experimental models \[[@b5-2093-6966-v22-n03-035], [@b19-2093-6966-v22-n03-035], [@b20-2093-6966-v22-n03-035]\]. In the present work, the renoprotective action of *P. major* extract was also observed by the time- dependent restoration of serum cholesterol in ADR injected rats. Recently, the hypolipidaemic properties of *Plantago ovata husk* and *Plantago asiatica* in diabetic rabbits and obese mice were reported \[[@b21-2093-6966-v22-n03-035], [@b22-2093-6966-v22-n03-035]\]. The exact mechanism for this hypolipidemic action of *P. major* extract in our study is not clear, but it might be contributed to its protection against proteinuria and subsequent hyperalbuminemia, which could minimize the compensatory production of cholesterol by the liver. However, other mechanisms including suppressing fatty acid synthesis, accelerating fatty acid *β*-oxidation, and stimulating cholesterol catabolism mainly by phenylpropanoid glycosides might be involved \[[@b22-2093-6966-v22-n03-035], [@b23-2093-6966-v22-n03-035]\].

Furthermore, the current work showed a significant decrease in the number of renal apoptotic cells of *P. major*- treated rats when compared to ADR group. Our results were consistent with those of Kho et al. (2017) who reported the anti-apoptotic effect of *Plantago asiatica L*. in puromycin aminonucleoside-induced nephrotic syndrome in rats \[[@b24-2093-6966-v22-n03-035]\]. Alleviation of renal cell apoptosis by *P. major* extract in ADR-treated rats may be attributed to its antioxidant and anti- inflammatory effects.

5. Conclusion
=============

In conclusion, our results indicate that *P. major* extract markedly improved the ADR-induced nephropathy by reducing apoptosis and improving kidney functioning. This protective effect of *P. major* on ADR-induced nephropathy may be attributed to the antioxidant components of this plant. However, more studies are needed to clarify the exact mechanisms of beneficial actions of *P. major* in nephropathy associated with ADR.
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